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Abstract: The histochemical and ultrastructural effects of cadmium (Cd) on the extensor digitorum longus (EDL) muscles of male
mice were investigated. Two doses of Cd (0.1 and 1.0 x 10-4 M) were injected into the mice. The animals were killed at the end of
48 h and their EDL muscles excised. Three types of fibers (I, IIA and IIB) were described by the succinic dehydrogenase (SDH) method
in the control groups. The mitochondrial and sarcotubular contents of the fibers were different.
The histochemical and ultrastructural characteristics of the EDL muscles in mice given Cd did not differ from those of the controls.
Therefore, the results of this application are not given separately. However, the high dose of Cd (1.0 x 10-4 M) caused an increase
in the SDH activity in all types of muscle fibers. In addition, ultrastructural alterations of the sarcoplasmic reticulum and
mitochondria, a reduction in energetic reserves (lipid droplets, glycogen) (types I and IIA) and myofibrillar degenerations were
detected. Grain-like deposits were also observed in the cytoplasm of type IIB fibers.
Key Words: Cadmium, EDL muscle, Mice, SDH, Ultrastructure, Cytopathology.

Fare EDL Kas› Üzerine Kadmiyumun Histokimyasal ve Ultrastrüktürel Etkileri
Özet: Erkek farelerin extensor digitorum longus (EDL) kaslar› üzerine kadmiyum (Cd)’un histokimyasal ve ultrastrüktürel etkileri
araflt›r›ld›. Farelere Cd’un iki dozu (0,1 ve 1,0 x 10-4 M) enjekte edildi. Hayvanlar 48 saatin sonunda öldürüldü ve onlar›n EDL kaslar›
ç›kar›ld›. Kontrol gruplar›nda süksinik dehidrojenaz (SDH) metodu ile liflerin üç tipi (I, IIA ve IIB) tan›mland›. Liflerin mitokondri ve
sarkotübüler içerikleri farkl›yd›.
Cd verilen farelerde EDL kaslar›n›n histokimyasal ve ultrastrüktürel özellikleri kontrollerdekinden farkl› de¤ildi. Bu yüzden, bu
uygulama sonuçlar› ayr›ca verilmemektedir. Ancak, kadmiyumun yüksek dozu (1,0 x 10-4 M) kas liflerinin tüm tiplerinde SDH
aktivitesi üzerine art›fla neden oldu. Ayr›ca, sarkoplazmik retikulumun ve mitokondrilerin ultrastrüktürel de¤ifliklikleri, enerji
rezervlerinde azalma (lipid damlalar›, glikojen) (I ve IIA tipleri) ve miyofibriller dejenerasyonlar tesbit edildi. Tip IIB liflerinin
sitoplazmas›nda tane benzeri tortular gözlendi.
Anahtar Sözcükler: Kadmiyum, EDL kas›, Fare, SDH, Ultrastrüktür, Sitopatoloji.

Introduction
The heavy metal cadmium (Cd++) is an industrial and
environmental pollutant (Harstad and Klaassen, 2002). It
is commonly used in environmental studies because it is

highly toxic (Faroon et al., 1994). Cd exposure leads to
pathological effects in the liver (Friedman and Gesek,
1994), testes (Shen and Sangiah, 1995), brain, nervous
system (Provias et al., 1994), kidney (Novelli et al.,
1999), spleen and bone marrow (Yamano et al., 1998).
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Among the various effects induced by Cd in biological
systems, oxidative damage to membrane lipids by
peroxidation, a phenomenon termed lipid peroxidation
(LPO), has been reported in the liver and kidneys (Xu et
al., 2003). For longer exposure times, Cd induced
changes in α-actin disorganization in the smooth muscle
cells (Azou et al., 2002). There were distinct alterations
of the intercalated disk structures of the cardiac muscle in
rats dependent upon the level and time of exposure
(Kolakowski et al., 1983).
Three types of fibers were distinguished in the
extensor digitorium longus (EDL) muscle of mice by
histochemical reactions (types I, IIA and IIB) (Freitas et
al., 2002). Succinic dehydrogenase (SDH) revealed
significant activity in subgroup IIA, very little activity in
subgroup IIB, and intense activity in group I. SDH is an
enzyme of mitochondria. The enzymes (gill ATPases,
brain acetylcholinesterase, liver glutamate oxaloacetate
and glutamate pyruvate transaminases) may act as
reliable biomarkers of Cd toxicity (Torre et al., 2000). To
the best of our knowledge, histochemical and
ultrastructural studies on the EDL muscle of mice exposed
to Cd have not been reported. Therefore, histochemical
(SDH activity in mitochondria) and ultrastructural
analyses were performed to examine whether cadmium
chloride (CdCl2) has a dose-dependent effect on EDL
muscle.
Materials and Methods
Twenty adult male BALB/c mice obtained from the
Veterinary and Animal Diseases Research Laboratory
were used. The mice were housed in standard plastic
cages (22 ± 2 °C, 65% humidity, artificial lights from
06.00 to 20.00). The mice were reared on a standard
dry diet and water. For the experiments, the mice were
divided into 4 groups (5 mice/group), 2 of which received
sterile saline (control) while the other 2 were exposed to
CdCl2. The mice were randomly assigned to 1 of 2
treatment groups. Daily doses of 0.1 x 10-4 M
(subchronic dose) and 1.0 x 10-4 M (chronic dose) of
CdCl2/kg were given by subcutaneous injections for 2
days to the different groups (Satoh et al., 1982). The
mice were anesthetized with sodium pentobarbital (4070 mg/kg). The anesthetized mice were sacrificed by
cervical dislocation. All procedures were carried out in
accordance with the “Guiding Principles in the Use of
Toxicology’’ of the Society of Toxicology (Regunathan et
al., 2002).
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The mice were weighed. The EDL muscle was excised.
In the first procedure, the muscle was frozen (Freitas et
al., 2002). Cross sections (12 µm) were taken along the
muscle at -20 °C an a cryostat (Eddinger et al., 1985).
The sections were stained with SDH to determine the
mitochondrial activity in the muscle fibers (Bancroft and
Stevens, 1982; Geyiko¤lu et al., 2002). In the second
procedure, a small portion of EDL was removed from the
center of the muscle length, oriented on a wooden stick,
and fixed in phosphate-buffered (0.1 M, pH 7.2-7.3)
glutaraldehyde (3%)-formaldehyde for 3 h, with mincing
after 30 min. The tissues were washed with phosphatebuffered (0.1 M, pH 7.2-7.3) sucrose (0.15 M), postfixed in buffered osmium (1%), dehydrated in ethanol,
rinsed in propylene oxide and embedded in Epon-Araldite.
Thin sections were obtained on a Reichert OmU2
ultramicrotome, stained with saturated aqueous uranyl
acetate (5%) and lead citrate (4%), and examined under
a Siemens Elmiskop I electron microscope (Bancroft and
Stevens, 1982).
The results were expressed as means ± S.E. A paired
Student’s t-test was used for comparing values between
the experimental groups.

Results
The average body weight of the control groups was
22.0 ± 1 g (mean ± SE). The weight was not changed by
CdCl2 exposure.
The type IIA fibers of the control EDL showed thinner
and rarer subsarcolemmal/intermyofibrillar deposits of
formazan than type I fibers in the SDH reaction. On the
other hand, type IIB fibers typically showed weak
reactivity, depicted by rare formazan precipitate (Figure
1).
The intensity of the SDH reaction in all fibers did not
vary with exposure to 0.1 x 10-4 M of CdCl2. Therefore,
the figures of those receivig a subchronic dose are not
presented. However, all of fibers exhibited dosedependent increased reactions after treatment with 1.0 x
10-4 M of CdCl2 (Figure 2). It was also observed that the
angular fibers (IIB) were interspersed between the other
fibers after exposure to Cd.
In the control EDL, the transmission electron
microscope (TEM) studies elucidated ultrastructural
differences in the distribution of the mitochondria of the
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Figure 1. Cross section of the EDL from control mice. Type I (arrow),
type IIA (asterisk) and type IIB (double arrow). SDH, x680.

Figure 2. Increased reactions in cross section of the EDL. Type I
(arrow), type IIA (asterisk), type IIB (double arrow),
angular fiber (curved arrow). SDH, x680.

3 types of fibers. The subsarcolemmal mitochondria were
numerous in the type I, intermediate in type IIA, but
almost absent in type IIB. Type IIB fibers had more
developed sarcoplasmic reticulum (Figures 3A, B, C).

particles in type I were scarce compared with those on
type IIA (Figures 6A, B).

No pathologic effects were observed after the
application of CdCl2. However, compared with EDL cells
from the control, the main structural alterations observed
in fibers after exposure to 1.0 x 10-4 M of CdCl2 were an
increase in the number of subsarcolemmal mitochondria,
which were more prominent in types IIA and IIB (Figures
4A, B); changes in the mitochondria (destroyed
mitochondria and long, branched mitochondria (Figures
4B, 5A); individual concentric whorls of sarcoplasmic
reticulum cisternae in the muscle fibers (Figure 5B); and
degeneration of myofibrils in type I fibers (Figure 5C).
The number of lipid droplets of EDL muscle in the
control mice tended to be abundant in the type I fibers,
and intermediate in type IIA fibers. However, glycogen

In application of 1.0 x 10-4 M of CdCl2, the
ultrastructural changes observed in the fibers were an
absence of lipid (in type I fibers), a reduction in the
number of lipid droplets (in type IIA) and an absence of
glycogen (in type I and IIA fibers) (Figures 7A, B). In
addition to these alterations, grain-like electrondense
deposits in the cytosol of some type IIB fibers (Figure 8)
were observed.

Discussion
According to the results obtained from investigations
on different animal species, organic chemicals and metals
can influence the tissue glycogen content (Srivastava,
1982; Segner and Braunbeck, 1998). In the present
study, an absence or reduction of glycogen and lipid
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Figures 3. Electron micrographs showing subsarcolemmal mitochondria (double arrow) in the longitudinal sections of the
control EDL. A) Type I has numerous mitochondria, B) Type IIA has a moderate number, C) In type IIB mitochondria
are scarce but sarcoplasmic reticulum is numerous (arrow). x6000.

droplets was a general feature in the EDL of the mice
after exposure to 1.0 x 10-4 M of CdCl2. Our study
indicates enhanced utilization of energetic reserves in EDL
muscle. Therfore, it seems reasonable to suggest that the
toxic effects of Cd on mammals are similar to those
observed in starvation, since CdCl2 could induce loss of
glycogen and lipids. In mammals that underwent food
restriction over a 24-48 h period, tissue glycogen was
spent and lipolysis was enhanced to spare the remaining
carbohydrate reserves and peripheral proteins (Herzberg
and Farrell, 2003). Again, in this study, no differences
were observed in the body weights of control and Cdexposed mice. Thus, animals that survived Cd exposure
may show a metabolic shift and a compensatory
development for maintenance of weight.
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On the other hand, dose levels of Cd stimulated
developmental and electrophysiological effects (Papp et
al., 2003). Furthermore, the rate of protein synthesis
was reduced by cadmium acetate in mouse trachea organ
culture (Lag et al., 1986). In our study, the degeneration
of myofibrils was seen due to the effect of 1.0 x 10-4 M
of CdCl2. It was suggested that the increased energy
demand might have led to an immediate stimulation of
protein catabolism, which resulted in a degeneration of
myofibrils in type I fibers. The observed ultrastructural
alterations on the sarcoplasmic reticulum were also
reported in the granular endoplasmic reticulum of
different cell types after exposure to metals (Pawert et
al., 1996). Ghadially (1999) presented 2 views regarding
the nature of concentric membranous bodies of granular
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Figures 5. Electron micrographs showing structural alterations of EDL.
A) Long (double arrow), branched mitochondria (arrow),
x20,000, B) Concentrically arranged sarcoplasmic reticulum
cisternae (arrowhead), x50,000, C) Degeneration of
myofibrils in type I fibers (curved arrow). x30,000.

Figures 4. Electron
micrographs
showing
subsarcolemmal
mitochondria (double arrow) and destroyed mitochondria
(arrow) in the longitudinal sections of EDL. A) Type IIA has
numerous mitochondria, B) Type IIB has a moderate
number. x6000.

endoplasmic reticulum: 1: they represent a degenerative
change or an elaborate autophagic vacuole; and 2: they
represent a regenerative change leading to a specialized
type of hypertrophy of the endoplasmic reticulum that
may have functional significance. The concentrically
arranged sarcoplasmic reticulum cisternae observed in the
present study were found accompanying normal cisternae
in the muscle cell; artificial cisternae do not seem to have

occurrred. Therefore, these were probably related to
increased function due to glycolysis by 1.0 x 10-4 M of
CdCl2. We thought that the increases in SDH activity in
the EDL muscle of mice exposed to a high dose of Cd
could also reflect altered mitochondrial function through
increased glycolysis and lipolysis. We also interpreted this
situation due to mitochondrial alterations under an
electron microscope. Thus, mitochondrial changes can be
considered related to adaptation of the EDL to the
metabolism of the exogenous agent. In fact, it has been
reported that mitochondrial function was altered by Cd
(Al-Nasser, 2000; Kim et al., 2003). In the present study,
ultrastructurally, the presence of inclusion bodies in the
cytosol stands out. Previous studies established that a
small quantity of Cd is found in the nucleus and
mitochondria, and the greater part is cytosol, where Cd is
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Figures 6. Electron micrographs showing lipid droplets (L) and glycogen (arrow) in the
longitudinal sections of control EDL. A) Type I. Lipid droplets are numerous and
large, but glycogen is scarce, B) Type IIA. Lipid droplets (L) and glycogen (arrow) are
moderate in number. x20,000.

Figures 8. Electron micrograph showing electrodense deposits
(arrows) in the longitudinal sections of type IIB. x15,000.

bound to metallothionein (Topashka-Ancheva et al.,
2003).

Figures 7. Electron micrographs of the longitudinal sections of EDL, in
application of 1.0 x 10-4 M of CdCl2. A) Type I. Lipid
droplets and glycogen are lacking, B) Type IIA. Note the
reduction in the number of lipid droplets (arrow) and the
absence of glycogen. x20,000.
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In conclusion, the degeneration of myofibrils, the
detected changes in mitochondria and sarcoplasmic
reticulum, and the decreases of glycogen and lipid in the
sarcoplasm of EDL strongly support the toxicological
significance of increased doses of CdCl2.
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